We experimentally and theoretically investigate vortex collapse. In the presence of azimuthal noise, we find that the beam breaks up into a highly predictable number of filaments as a function of power and topological charge. © 2006 Optical Society of America OCIS codes: (190.4420) Transverse effects in nonlinear optics (190.5940) Self-action effects Optical vortices have strictly zero amplitude at the singularity where the phase is undefined and a topological charge m that is a measure of the phase winding. The helical phase-fronts give rise to angular momentum and novel complexities with regard to nonlinear propagation dynamics [1, 2] , and there is recent interest in controlling the vortex multiple-filamentation (MF) for the long-distance propagation of femtosecond laser pulses [3] and pulse compression [4] . Moreover, self-focusing dynamics of vortices may also have relevance to vortices in BoseEinstein condensates since the behavior of those systems has strong analogies with that of optical beams in Kerr media.
Here we describe our theoretical and experimental studies of self-focusing of vortex beams in Kerr media. In contrast to the MF of vortex rings in saturable nonlinear media where an m-charge vortex tends to 2m filaments [5] , MF in Kerr media deviates from this relation, and we derive an analytical relation that predicts the number of filaments as a function of input power and m. We utilize analytic ring-fields in our perturbation analysis which confirms our simulations. We perform, to our knowledge, the first experimental study of collapsing vortices in Kerr media, which are in excellent agreement with our theoretical predictions. The radially-symmetric self-similar collapse of these beams, investigated previously [6] is performed via a different formalism [7] , and we show agreement between simulation and analytical curves. Our analysis is consistent with the previous work of vortex azimuthal modulational instability (MI) [8, 3] and vortex MF [4] .
In the absence of noise, a radially-symmetric field with topological charge m will approach a specific self-similar number of azimuthal maxima shape, which we term the Y profile [6] , in a manner analogous to the evolution of m = 0 beams to the Townes profile [8, 9] . We find that as the vortex beam undergoes collapse, the ring intensity continues to increase and correspondingly shrink in both diameter and thickness as its normalized profile converges to Y.
However, azimuthal noise alters collapse to a self-similar ring profile and instead, we observe breakup of a ring into individual filaments and investigate these MF patterns. Based on a perturbation analysis using an analytic ring profile instead of plane waves [6] or uniform-intensity rings [7] , we can accurately predict the wavenumber of maximal gain and the multiple filamentation patterns solely as a function of power and topological charge (see Fig.  1 ). Our analysis predicts the number of azimuthal maxima and does not depend on the vortex ring radius.
In our experimental setup for investigating the collapse dynamics of optical vortices, Laguerre-Gaussian modes are produced from 90-fs, 800-nm pulses of a Ti:Sapphire regenerative amplifier using spiral phase plates. The phase plates are m = 1 and are made from a polymer material using a high-precision molding technology [11] and are stacked for the creation of higher-m vortices. The vortices are propagated through an adjustable-length cell filled with water, and the input beam diameter and the power are varied. The time-averaged spatial beam profiles for several input powers and topological charge are shown in Fig. 2 and are found to be in excellent with our theoretical predictions.. 
